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The facile C-H lithiation of dimethylnaphthylamine Me 2 N-Nap (B) using n-butyllithium [5] and subsequent salt metathesis with (organo)element halides proved to be a straight-forward route for the synthesis of intramolecularly coordinating 8-dimethylaminonaphthylelement species 1-(R n E)-8-(Me 2 N)-Nap (C) featuring the elements E = B, [6, 7] Al, [8] [9] [10] [11] [12] Ga, [10] In, [10, 13] Tl, [13] Si, [14] [15] [16] [17] [18] [19] [20] Sn, [14, [21] [22] [23] [24] P, [25] [26] [27] [28] As, [30, 31] Sb, [31, 32] Bi, [31, 33] S, [34] [35] [36] [37] [38] Se, [39] [40] [41] and Te. [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] Within these compounds, short E···N transannular distances are frequently observed, which are indicative of strong attractive interactions.
A natural progression of this chemistry involves the replacement of nitrogen by phosphorous.
Consequently, a vast number of 1,8-diphosphino-substituted naphthalenes-, (1,8-X 2 P) 2 -Nap, (D, X = R, H, Cl, OR, NR 2 ) has been prepared over the years. [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] Amongst those, 1,8-(Ph 2 P) 2 -Nap is the most prominent example, and has been utilized as chelating ligand for a number of transition metals. [62, 63] Unlike B, the C-H lithiation of diphenylphosphinonaphthalene (E) [64] with various organolithium species is not a feasible strategy for the preparation of the intramolecularly coordinated 8diphenylphosphinonaphthylelement species 1-(R n E)-8-(Ph 2 P)-Nap (F), which is presumably the reason why the chemistry of these derivatives has not been extensively investigated. In fact, we are aware of only a few examples of type F compounds bearing E = Si [65] ,O, S and Se [66, 67] . The recently introduced 5,6-disubstituted acenaphthenes [68] [69] [70] [71] [72] provide an alternative to 1,8-disubstituted naphthalenes since they offer the advantage that the starting material 5,6-dibromoacenaphthene is much easier to obtain than 1,8-dibromonaphthalene, which is usually prepared by a tedious Sandmeyer reaction. [73, 74] Furthermore, the tricyclic acenaphthene ring system is more rigid and possesses smaller conformational flexibility than the bicyclic naphthalene ring system, which gives rise to slightly different peri-distances of approximately 2.5 than 2.7 Å for the parent compounds (Scheme 1). [3] This slight variation allows the study of minute effects of the bonding situation encountered for peri-bonded elements by choosingthe same substituents in order to to minimize electronic differences.
Surprisingly, 1,8-disubstituted naphthalenes and 5,6-disubstituted acenaphthenes with the same substituents in the peri-positions have not yet been investigated in a comparative study.
In the present work we describe the synthesis and structural characterization of both 1-Br-8- 3b, E = O; 4b, E = S; 5b, E = Se) (Scheme 2) , which hold potential as starting materials for compounds of type F and related acenaphthenes derivatives.
The bonding situation in sterically crowded molecular systems is almost exclusively interpreted in terms of molecular geometries, occasionally supported by NBO (natural bond orbital) analysis from density functional calculations. [75] However, the analysis of so-called real-space bonding indicators derived either from the electron density (ED) properties. This space-filling topological approach has found wide application as a complement to molecular orbital analyses, because the electron density can in principle be obtained from both theoretical calculations and high-resolution X-ray diffraction data.
[80]
The Electron Localizability Indicator (ELI) is a further development of the electron localization function (ELF). Both concepts divide space into regions of localized electron pairs instead of atoms and therefore eminently complement AIM theory. The mathematical method of space partitioning is equivalent to the one used in AIM theory. Therefore, the partitioning is likewise space filling and discrete, providing consistent integrated electron counts of both core shells and (non)bonded valence electrons. For the interpretation of atom- 
Results and discussion
Synthetic aspects 1,8-Dibromonaphthalene was prepared by the reaction of 1,8-bis(tributylstannyl)naphthalene [83] with bromine in 67% yield. We found this procedure more convenient than the more usual Sandmeyer reaction, [73, 74] which has been noted as being painstaking. [3, 62] 5,6-Dibromoacenaphthene was readily available by bromination of the parent acenaphthene. [84] The lithiation of 1,8-dibromonaphthalene and 5,6-dibromoacenaphthene using n-butyllithium at -78°C proceeded with a single metal-halide exchange.
The subsequent reaction with diphenylchlorophosphine afforded 8-diphenylphosphino-1bromonaphthalene, 1-Br-8-(Ph 2 P)-Nap (1a), and 6-diphenylphosphino-5-bromonaphthalene, 6-Br-5-(Ph 2 P)-Ace (1b), in 51% and 54% yield (Scheme 2). 
Scheme 2
Syntheses and 31 P NMR chemical shifts (CDCl 3 ) of 1a -5a and 1b -5b.
We note that the preparation of 1a has previously been reported, [65, 85] but apart from the 31 P NMR chemical shift, neither spectroscopic nor structural data were reported at the time. In 1a and 1b, both substituents in the peri-positions may be susceptible to undergo chemical transformations. The Br atoms in 1-and 5-positions may be replaced by other heteroatoms, such as B, Si, Sn, Sb, Te and Hg. However, the chemistry of these compounds will be reported elsewhere in due course. In this work, we describe the properties of those compounds bearing P atoms in the 6-and 8-positions. 1a and 1b were reacted with methyl iodide to produce the corresponding methylphosphonium iodides [1-Br-8-(Ph 2 PCH 3 )-Nap]I (2a·I) and As expected, the phenyl group attached to the Se atom does not increase the sterical strain, as it is not directed towards the peri-region. Due to the ethylene bridge on the opposite side of the peri-interaction, the bay angle C(10)-C(19)-C(18) is always larger in the acenaphthene than in naphthalene species. [3] In the presented compounds, this angle is ca. 5° larger for the naphthalenes and 9° for the acenaphthenes than observed in the reference compounds 1c -5c. Considering 1a, the atomic Hirshfeld surfaces of the Br and the P atoms are found to be in contact with each other as expected for two atoms being in close proximity ( Figure 6a ).
Further intermolecular contact sites of the bromine atoms can be identified, delineated by the blue colored edges. Interestingly, in all other compounds except 1a and 1b, there is no contact patch between the Br and P atoms, and the surface shape is rather convex for the P atom facing the Br atom (wedge shap), as exemplified for 5b in Figure 6b and shown in the Supporting Information for the remaining compounds. The absence of a contact patch between two atoms being in such close proximity is very unusual -we are not aware of another example where this phenomenon has been observed. This means that the situation occurring in 2a/b to 5a/b, where two atoms try to avoid contact, implies the interaction is strongly repulsive as expected. The intramolecular through-space contacts are mainly observed between the Br and the Se atoms ( Figure 6c ) and the Br atom and the equatorial phenyl ring (not shown). This is supported by the bond topologies (see below).
Figure 6.
Curvedness mapped on the Hirshfeld surfaces of atomic fragments derived from the experimental crystal structures of compounds 1a (a) and 5b (b,c). In (a) and (b), the surfaces are shown for the Br and the P atoms; in (c), the surfaces are shown for the Br and the Se atoms.
Energies
The bond topologies, the shapes of the ELI-basins (see below) and to a lesser degree the molecular geometries reveal that in the reference species a weak peri-interaction is exhibited between the Br and H atom as well as between the PPh 2 E fragment and the H atom opposite to the Br atom. However, since the naphthalene fragments are almost planar in the reference cases (1c -5c), these effects are negligible. Accordingly, for the estimation of relative energies of the steric stress introduced by close proximity of the Br atoms to the PPh 2 E fragment, species 1c -5c serve as references. Disregarding 2a which is only 35.05 kJ/mol higher in energy than 2c, the other compounds follow the same trend to that of the geometrical changes: 1a/c (38.59 kJ/mol) < 3a/c (52.92 kJ/mol) < 4a/c (58.49 kJ/mol). The lower energy difference between 2a and 2c may be the result of a weak attractive interaction between the Br atom and an H atom of the methyl group in 2a. Due to the larger peri-distance in the acenaphthene derivatives, these differences in energy are expected to be lower.
Bond topology
The relevant bond topological properties for 6 of the 15 theoretically analyzed models 1a-c and 5a-c are collected in Table 2 .
The corresponding molecular graphs are shown in Figure 7 . Topological properties and molecular graphs of the remaining models are given in the supporting information. All Br-C and P-C bond topological properties show the characteristics of polar-covalent interactions.
The electron density at the bcp varies between ca. 1.1 to 1. 
Atomic properties
Like for the AIM bond topology, the sterical strain has only a small influence on the atomic AIM charges. The charges of the relevant fragments -the naphthyl ring, the axial and equatorial phenyl rings, the Br atom, the P atom and the E fragment (X = CH 3 + , O, S, Se) -are collected in Table 3 . 
ELI-D analysis
Since all non-terminal atoms are by definition involved in more than one chemical contact, atomic AIM charges may in some cases hinder the evaluation of substituent effects because shifts of electron populations may cancel out and produce similar atomic AIM charges despite different chemical environments. However, a more detailed view is provided by the analysis of integrated electron populations within distinct bonding or lone pair basins generated by space partitioning according to the ELI-D scheme. In this work, the analysis is divided into In the following, the electronic properties of the C-C bonding basins of the naphthalene fragments will be analyzed in order to uncover the effects of the geometrical distortion. The basin volumes and electron populations both with a 0.001 a.u. cutoff, the ELI-D value at the attractor position (max), and the perpendicular distance of the attractor position to the C-C axis (d ELI ) are reported in Table 5 . The electron distribution within the annulene ring system indicates that the mesomeric structure shown in Figure 9 is the dominant one for all cases.
The central bond connecting the two rings, is similar, however, to the four C-C bonds attached to it and therefore no double bond has been drawn here. The d ELI values are in the range of 0.002-0.030 Å for the almost planar reference species and with few exceptions increases for the strained C-C bonds. The largest value found is 0.067 Å for the C(10)-C (19) bond in 5b.
Figure 8.
ELI-D iso-surface representations (side and top view) of compounds 1a (first row), 2a (second row) and 5c (third row). The surfaces are color-coded according to the basin size: green (small) through to blue (large). For clarity, protonated valence basins (H atoms) are in transparent.
Figure 9.
Dominant mesomeric structure in compounds 1a-5c. other than bromine.
Conclusions

Experimental Section
General. Reagents were obtained commercially (Sigma-Aldrich, Germany) and were used as received. Dry Solvents were collected from a SPS800 mBraun solvent system. X-ray crystallography. Intensity data were collected on a STOE IPDS 2T area detector (3a, 3b, 4a, 5a) and a Siemens P4 diffractometer (1a, 1b, 2a, 2b, 4b, 5b ) fitted with a Siemens LTII at 173 K with graphite-monochromated Mo-Kα (0.7107 Å) radiation. All structures were solved by direct methods and refined based on F 2 using the SHELX program package. [87] All non-hydrogen atoms were refined using anisotropic displacement parameters. Hydrogen atoms attached to carbon atoms were included in geometrically calculated positions using a riding model. Crystal and refinement data are collected in Theoretical calculations. For all 15 models, the molecular geometries were optimized at the B3PW91/6-311++G(2df,p) level of theory using GAUSSIAN09 [89] . Frequency calculations were carried out to check that all optimized geometries correspond to energy minima.
The wavefunctions were analyzed with AIM2000 [90] and DGRID-4.6 [91] in order to obtain all the required real-space bonding indicators based on the AIM and ELI-D space partitioning.
The Hirshfeld surfaces were generated with the program CrystalExplorer [92] from the promolecule densities. Isosurface representations of the ELI-D were made using the program MOLISO [93] . Table 5 . ELI-D properties of the C-C bonding basins of the naphthalene and acenaphthene fragments in the theoretical models.
bond V (001) N (001) Y max d ELI V (001) N (001) Y max d ELI V (001) N (001) Y max d ELI 
